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i ∈ L2([t0, tf ])
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Pa1(t) ∀t ∈ [t0, η]
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= {−α − f(C, t)} Z̄ −
∂f
∂C














































+ {α + f(C, t)} Z̄ +
∂f
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Pa1, Pa2, Pa3, Pa4
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∇iF̃A(i, tA)(t) ∀t ∈ [t0, tA]
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0 ∀t > tB
UWVZRxhjp3pO"pO'deVZ,deVZpBjZGY kmbbekYk LwOj#dpdeVZRpBfZ,¸pBj deVZ,9k  k·xpBxhgh LwOdekmpBf¡wOfyJjZG kmZbtpBfdeVZyck´¹KZGjZGfndekLwOdekmpBf
zVwOkf¨jegh mZwBb
JB(i) = F̃B(i, tB)
©
ªÐ 	«h	 + 	   
  ´Ä 	 B
*   : GB(i) = min
t∈[t0,tf ]
B(t) 
   
	W !°















































































ªÐ 	«h	 C   Ä  : GÄ
 Ä 
:¢Ä  
     :CÄ8<:  
    :  






 :>  :Ä 
Ä 
: <  % > :A




Ä   1Ä   
GÄ      : >   :  
 :
:<*  Ä     





deghY7pBghj¦ k  deVZGfjp¦ ghxjwOxhkmyc awTDdZGjRdeVZ7ZGfypO¯deVZzpBghjbZ© §fdeVwOdzpBf9dZ:£3dpBfZ7VwBb,dp mp9pB¨DpBjw
zpBf9dwOkfhY7ZGfnddejZwOdeY7ZGfnd½°deVwOdkmbwdejZwOdeY7ZGfndjZGxZwOdZy«xZGjekmp3yckmzwO  akf«dekY7ZdeVwOd¸pBjzZbdeVZfnghYZGjpO
deghY7pBghj zZG  mb¯dpjZGY¢wOkfJwOdWdeVZt mp¦Zbd¯xpbbekh mZt mZGZG ¦ Vhk mZxhjZbZGje9kfh7wOfwBzzZGxhdwOh mZ,fnghYZGj pO·3k  kzZG  mb©
]ÀwOdeVZGY¢wOdekmzwO  adeVhkmbzwOf¥Z,¦ jekdedZGf=/"Ëfy¥deVZRkfc1gbkmpBf¥ Lw¦




























































    :@') +,-(-<?" 
¶Z,¦ k  KhjekmZ!ayhZbzGjekZwyhZbzZGfndtwO pBjekdeVhY yhZbekfZydpbpB Z/deVZRYkfhkYkmbwOdekmpBf¨xhjpBh mZGY kf¥bedZGxº¸¾¯pO



























































ªÐ 	«h	    :  :   :
68
:  GÄ   º0¾ 






:,   Ä 
*  DÄ :
 : Ä   8  8
: ÄD
Ä	 Ä  :
Ä:  ¥Ä :
:
* $ :Ä   
:, ¥Ä 
  1: Ä
/BGÄ   
ªÐ 	«h		 D ±Ä :  :    :
* 
  GÄ   º0¾ 8 
* 8<:     
:¡Ä  GÄ    1Ä
   ÄÄ 7Ä  6 D 
J    3Ä   <Ä 
 (  /Ä  
 
 
  8  cÄ  tÄ :Ä 
:  Ä  
     Ä  Ä  :GÄ0 <-  
:,  GÄ -  Ä    
: :Ä
 $  1Ä    Ä#Ä  FA 
:, JB Ä8<:    Ä ªÄ 
 :Ä    
* 
 4  :DÄ   
ªÐ 	«h	   Ä 	    
 Ä   ÄÄ ¢Ä 
 :  
i0
 A:Ä   RÄ < Ä 








:   A8<  ±Ä & +8
 
  8 :D 
:, 
 : GÄ 
:Ä 8< 
Ä  	   A
A  
*





     JÄ 
i0
  : <Ä     Ä  -:
Ä Ä  D
 8   
  





























































= {−α − f(C, t)} Ž −
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V −1  Vdist =10 zGY 3 ºDyckmbedejekhghdekmpBf¡pB ghY7Z,¸pBj#p£wO kxh LwOdekf¨kf¡wY7pBgbZ<¾:©
 pBj#deVZ,3k  kAxpBxhgh LwOdekmpBf=/
µ = 0.015
V −1 ½ ξC = 1 V −1 ½ Aeq = 106 zZG  mb<½ Zeq = 16500 zZG  mb +TV·½ α = 0.0153 V −1 ½ β  = 0.002 V −2 ½
γ = βAeq+αZeq = 2213.8
zZG  mb +TV·½
F = 0.5
V −1 ½ ϕA = 10 VA½ TA = 24 VA½ γA = 1 ½ C50 = 10 µ +OzGY 3 ©
 pBj#deVZ,deghY7pBghjtxpBxhgh LwOdekmpBf=/
ν = 0.03
V −1 ½ ξD = 1 V −1 ½ a = 0.015 V −1 ½ Bmax = 5.3 106 zZG  mb½
H = 2






P0 = C0 = D0 = 0 µ
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zGY 3 ½ A0 = 106 zZG  mb , B0 =
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i(t) ≤ 10 µ
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ln 3 ç β = (α
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)2 + ( 2π
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